J. Jpn. Bot. 

68: 211-214(1993) 


Genetic Diversity in the Clonal Plant Arabis flagellosa Miq. (Brassicaceae) 

Ken OYAMA a , Motomi lTO b and Tetsukazu Yahara c 

a Centro de Ecologia, UNAM, Apartado Postal 70-275, 

Ciudad Universitaria, Anexo Jardin Bot’anico Exterior, 

Mexico, D. F. 04510, MEXICO; 
b Department of Biology, Faculty of Science, Chiba University, 

Yayoi-cho 1-33, Inage-ku, Chiba 263 JAPAN; 
department of Biology, University of Tokyo, 3-8-1 Komaba, 

Meguro-ku, Tokyo 153 JAPAN 


£ X X n y ^7 

a b , 

V + a f 

b =f 263 1-33 

153 m*® 3-8-1 

(Received on January 25, 1993) 

Plants of two populations of the clonal Arabis flagellosa were examined using gel electrophoresis 
techniques. Fourteen loci were detected, but only four loci were polymorphic. Populations exhibited low genetic 
differentiation. Gene flow estimated by indirect methods indicated a certain amount of gene flow between 
populations. Populations of A.flagellosa had slightly higher genetic variation than other Arabis species with low 
or no clonal propagation. Populations with clonal propagation may be formed by a wide range of individuals 
(genotypes), from uniclonal to multiclonal. The results obtained in this study indicate that A. flagellosa plants 
may be considered as an interemdiate case within this range. 


Breeding systems and modes of vegetative propa¬ 
gation are important determinants of population ge¬ 
netic structure in plants capable of clonal growth 
(Ellstrand and Roose 1987; Murawski and Hamrick 
1990; Les 1991). Most clonal terrestrial plant species 
possess intermediate levels of genetic diversity 
(Ellstrand and Roose 1987) existing as multiclonal 
populations. 

Genetic variability in populations of clonal species 


is strongly influenced by the composition of the 
originating population and the degree of sexual re¬ 
cruitment (Ellstrand and Roose 1987). The extent of 
genetic variability in asexual populations compared 
to sexual ones is still in discussion. Some empirical 
studies showed that in the absence of mutation and 
sexual recruitment, genetic variability in populations 
of clonal species may decline over time, presumably 
as a result of selection and drift (e.g., Aarsen and 
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Turkington 1985; Hermantzetal. 1989; Maddox etal. 
1989). In contrast, however, some models suggest 
that asexual populations are as polymorphic as sexual 
ones (see Ellstrand and Roose 1987). Recent reviews 
of genetic variation in clonal organisms, both in plants 
(Ellstrand and Roose 1987) and animals (Parker 1979), 
indicate that populations may be unique in their ge¬ 
netic composition. It is therefore expected that genetic 
differentiation may develop among clonal populations 
in different habitats or localities (Silander 1984; 
Scheiner and Teeri 1986, 1987). 

Arabis flagellosa (Brassicaceae) is a rosette-form¬ 
ing perennial plant that occurs in a wide variety of 
habitats with a certain degree of disturbance. It can 
reproduce vegetatively by stolons with many one-leaf 
“ramets” integrated and may form an extensive net¬ 
work of stolons in a single growing season. The main 
individual rosettes of this species flower extensively 
in early April. However, it is unknown whether natu¬ 
ral populations found in disturbed areas are the result 
of rapid clonal expansion of few isolated individuals 
or formed by extensive seeding recruitment. Previous 
observations on populations of this species provided 
contrasting results. Plants presented a low seed-set 
and almost no recruitment by seedlings in natural 
populations, indicating that clonal growth is an im¬ 
portant mode of reproduction (Oyama unpub.). How¬ 
ever, populations exhibited different patterns of mor¬ 
tality of clones and vegetative reproduction, suggest¬ 
ing that the contribution of both sexual and vegeta¬ 
tive reproduction may differ between populations 


Table 1. Allele frequencies for four polymorphic loci of 
two populations of Arabis flagellosa. 


Population 

Allele 

Idh 

Locus 

Mdh-1 

Mdh-2 

Pgm-2 

Kibune 

a 

0.70 

0.66 

1.00 

0.38 


b 

0.30 

0.34 

0.00 

0.62 

Kumogahata 

a 

0.74 

0.61 

0.93 

■ 0.24 


b 

0.26 

0.39 

0.07 

0.76 


Table 2. Summary of allozyme variation for 13 loci in 
two populations of Arabis flagellosa. Sample sizes (AO, 
proportion of polymorphic loci ( P ), number of alleles per 
polymorphic locus (A P ), mean number of alleles (A), and 
expected heterozygosity (// e + s.e.). 


Population 

N 

P 

A P 

A 


Kibune 

30 

0.21 

2.0 

1.14 

0.72±0.07 

Kumogahata 

30 

0.29 

2.0 

1.29 

0.67+0.11 


(Oyama unpub.). 

As apart of a more comprehensive research project 
on comparative population biology of Arabis species 
in Japan, we investigated the genetic diversity of two 
populations of A. flagellosa in the northern area of 
Kyoto City. 

Materials and Methods 

The study sites were located along asphalt road 
ways in Kibune and Kumogahata towns in Kyoto. 
Leaves were collected regularly- along transects 
throughout the populations. Sampling was done 
avoiding collection of leaves from stolons of the 
same individuals. Thirty samples per population 
were collected in plants separated at least by one 
meter. Electrophoretic analyses were done follow¬ 
ing the procedures indicated in Ito and Ono (1990). 

Results and Discussion 

The following loci were detected; Aid, G3Pdh, 
Idh, Mdh-1, Mdh-2, Me, 6Pgd-l, 6Pgd-2, Pgi-1, Pgi- 
2, Pgm-1, Pgm-2, Tpi-1 and Tpi-2. However, only 
Idh, Mdh-1, Mdh-2 and Pgm-2 were polymorphic 
with two alleles per loci (Tables 1 and 2). Two fixation 
index values (F) for Mdh-1 in Kumogahata and Pgm- 
2 for Kibune populations deviate significantly for 
those genotypic values expected under a Hardy- 
Weinberg equilibrium, indicating a deficiency in 
heterozygotes at Pgm-2 (Table 3). Nei’s (1987) ge¬ 
netic diversity parameters estimated were the gene 
diversity in the total population ( H T ) which can be 
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partitioned into within-populations ( H s ) and among- 
population (Z) ST ) components. D ST and H s are used to 
estimate the relative magnitude of gene differentia¬ 
tion (G s t)- Plants of A. flagellosa exhibited low val¬ 
ues of G ST indicating a low genetic differentiation 
between both populations (Table 4). This is probably 
due to high levels of gene flow between two populations 
or due to a relative short time of establishment of both 
populations from a common source of genotypes. 

Gene flow was estimated following procedures 
indicated in Wright (1951) and Slatkin and Barton 
(1989) based on values of G ST . Estimates of gene 
flow ( Nm ) less than 1.0 indicate relatively little gene 
flow, whereas values of 1.0 or higher suggest high 
levels of gene flow (Slatkin and Barton 1989). Nm 
values for A. flagellosa were very high, on average 
Nm= 102.7 immigrants per generation (range from 
16.4 to 249.8). 

The genetic identity (/) coefficient presented by 
Nei (1972, 1987) ranges from 0.0 to 1.0, where a 

Table 3. Fixation indices (F) for each locus and two 
populations of Arabisflagellosa, indicating devia¬ 
tions from Hardy-Weinberg genotypic expecta¬ 
tions. Significant levels were calculated by pool¬ 
ing genotypes and comparing these frequencies 
with those expected under random mating. Dashed 
line indicates a monomorphic locus. 


Population 


Locus 



Mdh-1 

Mdh-2 

Pgm-2 

Kibune 

-0.167 

__ 

0.192* 

Kumogahata 

-0.194** 

-0.037 

-0.078 


*P<0.05; **P<0.01 


Table 4. Nei ’ s statistics of genetic diversity for three 

polymorphic loci in two populations of Arabis 
flagellosa. 


Locus 

H t 

H s 

D S t 

G S t 

Idh 

0.4024 

0.402 

0.0004 

0.001 

Mdh-1 

0.463 

0.462 

0.001 

0.002 

Pgm-2 

0.423 

0.418 

0.005 

0.012 


genetic similarity value of 1.0 indicates that a popula¬ 
tion pair is genetically identical. Population of A. 
flagellosa presented a / coefficient of 0.997, indicat¬ 
ing genetic similarity. 

Populations of A. flagellosa exhibited higher ge¬ 
netic diversity values than those detected in other 
species of Arabis with very low or no vegetative pro¬ 
pagation, like A. serrata and A. stelleri var.japonica 
(Oyama et al. unpub.). Although most genotypes in 
clonal plant species seem to be restricted to a single 
population (i.e., local genotypes) (Ellstrand and Roose 
1987), both populations of A. flagellosa share all the 
same genotypes. These results contrast with those 
obtained in a comparative study on demography be¬ 
tween populations of A. flagellosa, in which indi¬ 
vidual clones differed in several growth and repro¬ 
ductive traits (Oyama unpub.). 

Plants with clonal propagation are genetically com¬ 
posed by a wide range of individuals, from uniclonal 
(Raven and Gregory 1972; van Oostrum et al. 1985) 
to multiclonal plants (Ellstrand and Roose 1987). 
Arabis flagellosa constitutes an intermediate case 
within this range in which “widespread” genotypes 
still prevail in both populations due to migration or 
historical factors. Although one private allele was 
found in one of the populations, the significance of 
this difference is unclear. 

In conclusion, A. flagellosa populations present (i) 
a certain extent of genetic variation within populations 
in spite of apparently dominant clonal propagation 
and (ii) a low genetic differentiation between 
populations although some demographic and life his¬ 
tory traits differ from each other. More extensive 
studies are required to clarify whether this situation is 
merely a local case or a general situation for plants 
clonally propagated in disturbed habitats. 
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